Adrenal hypoplasia congenita (AHC) is a rare inherited disorder of the adrenal gland caused by deletion or mutation of the dosage-sensitive sex-reversal AHC critical region on the X chromosome, gene 1 (DAX1) gene. The DAX1 gene is expressed in the adrenal cortex, the pituitary gland, the hypothalamus, the testis, and the ovary. Most affected infants present with failure to thrive, salt wasting, and hypoglycemic seizure in early life. Immediate mineralocorticoid and glucocorticoid replacement is essential. Most boys with AHC present with hypogonadotropic hypogonadism, resulting in failure to enter puberty and the need for testosterone treatment. However, a recent study revealed that the onset of puberty in boys with AHC can be variable, ranging from arrested or absent to precocious. We describe a case involving a newborn who presented with primary adrenal insufficiency due to a mutation of the DAX1 gene and was finally diagnosed with AHC.
INTRODUCTION
A clinical diagnosis of adrenal hypoplasia congenita (AHC) caused by a mutation in the dosage-sensitive sex-reversal AHC critical region on the X chromosome, gene 1 (DAX1) gene is not always easy to make. The clinical presentation of AHC is subtle in some cases.
If a male newborn presents with adrenal insufficiency, he may be misdiagnosed as having 21-hydroxylase deficiency (congenital adrenal hyperplasia [CAH] ), although the adrenal steroid profiles of these conditions are quite different. In AHC, 17 hydroxyprogesterone (17-OHP) levels are low, whereas they are elevated in CAH except in cases with a StAR gene defect (congenital lipoid adrenal hyperplasia) and 3β-hydroxysteroid dehydrogenase deficiency 1) .
Because AHC results from a mutation in the DAX1 gene, a definitive diagnosis can be made by molecular genetic analysis of the DAX1 gene 2) . Distinguishing between CAH and AHC is crucial because they are dissimilar in their clinical course and prognosis, as well as in steroid management and genetic counseling approaches 1) . Although only the adrenal gland of a patient with AHC may seem to be affected, pituitary and gonadal functions also need careful evaluation in follow-up visits. We report a case of AHC and emphasize the importance of a genetic analysis of the DAX1 gene in patients with adrenal insufficiency in the newborn period.
CASE REPORT
An 18-day-old male baby who presented with poor oral intake and failure to thrive was readmitted to the neonatal intensive care unit (NICU). He was a third child, with two older sisters and no family history of genetic or metabolic disease. His mother had not been treated with any drugs, including antenatal corticosteroids. He was born at 38 weeks gestation weighing 3,160 g (25-50th percentile) and had previously been admitted with neonatal respiratory distress syndrome (RDS) and treated with exogenous pulmonary surfactant replacement and ventilator care for 9 days from the day after birth. At the first admission, all electrolyte levels, including sodium, potassium, and chloride, were normal, and his serum glucose level was within the normal range. The results of newborn screening tests, including 17-OHP levels (0.8 ng/mL, reference 0-6.6 ng/mL), were also normal. He was discharged at 11 days after birth in good condition.
On physical examination, he showed poor weight gain, severely dehydrated skin, and normal male genitalia with average testicular volume (1 mL bilaterally). He had generalized dark skin, especially on the nipples, nail beds, and scrotum ( Figure   1 We carried out an ACTH stimulation test to confirm a diagnosis of adrenal insufficiency. We measured serum cortisol and 17-OHP levels before and after intravenous administration of Table 1 . If baseline or stimulated levels of cortisol are higher than 18 mg/dL, the adrenal cortex is considered to be responding physiologically 3) .
None of the patient's cortisol levels was over 18 mg/dL, before or after ACTH stimulation, indicating that he had primary adrenal insufficiency. The baseline level of 17-OHP was low, and ACTH stimulation did not cause a significant increase in his 17-OHP level. In a CAH patient, 17-OHP is increased at the basal level and markedly elevated after ACTH stimulation. In our patient, serum levels of cortisol and 17-OHP were both low, whereas the ACTH level rose, suggesting cortisol deficiency , all electro lyte levels, including sodium and potassium, have normalized. He is too young to be evaluated for hypogona dotropic hypogo nadism and must be followed until puberty. We recommended that his mother be tested for DAX1 gene carrier status, but she refused.
DISCUSSION
X-linked AHC is a rare disease with a prevalence of approximately 1:12,500 in the USA 4) . AHC results from mutations in the . This apparently bimodal pattern of presentation may reflect age-related changes in mineralocorticoid secretion and sensitivity, sodium and fluid intake, and a counter-regulatory response 8) .
In this case, our patient was born at 38 weeks gestation weighing 3,160 g (25-50th percentile), and he was admitted on the day after birth with neonatal RDS. We cannot find the pa tients who have AHC with RDS simultaneously. However, there was a re- After the first admission, our patient had been treated with exogenous pulmonary surfactant replacement and ventilator care and discharged at 11 days after birth in good condition. All electrolyte levels and newborn screening tests were within normal range at that time. However, 7 days after discharge on postnatal day 18, he was readmitted to the NICU presenting with adrenal insufficiency, with symptoms of poor oral intake and failure to thrive. We excluded nonorganic causes of failure to thrive of neonates, such as poverty, parenting problems (e.g., history of depression or other mental disorders), or an inconsistent feeding schedule. We hypothesized that the organic causes of failure to thrive include infection, milk allergy, cerebral palsy, Down syndrome, or congenital heart disease, but he did not have any of them. We conducted a blood test to investigate metabolic and endocrinological causes of failure to thrive. It was revealed that he had primary adrenal insufficiency, but he did not have CAH.
Direct sequencing of the DAX1 gene revealed a hemizygous frame shift mutation (c.543delA), so he was diagnosed with AHC. There has been another report 9) of an AHC patient who had exactly the same mutation as our patient. His prenatal history was unremarkable, and he was delivered in Turkey at term, with a birth weight of 3,000 g. He was admitted to the NICU at the age of 33 days, presenting with vomiting and failure to thrive. Both of these patients showed hyperpigmen tation of the nipples and scrotum and had normal male genitalia. The laboratory results of these 2 patients revealed primary adrenal insufficiency, and both were diagnosed with AHC and the same mutation (c.543delA) of the DAX1 gene.
There is no obvious correlation between the types of mutations and the age of presentation or severity of adrenal insufficiency. There is a report of 3 boys of the same pedigree 10) presenting with adrenal manifestations at 4 and 6 years of age and at a very early age (9 days), although they were all diagnosed as having AHC with the same mutation (c.622C>T) in the DAX1 gene. These features indicate phenotypic heterogeneity, probably caused by other genetic factors, such as modifier genes, which can influence the time of onset and severity of adrenal failure, or by environmental and personal factors such as infec-tions, access to medical care, and a positive family history that can facilitate the diagnosis 10) .
Although details of AHC patients and mutations in the DAX1 gene have been reported worldwide, there have only been a few case reports from Korea 2, 11, 12) . Considering the many reports of AHC patients in the Japanese population 13) , the incidence of AHC might be underestimated in Korea 11) . , they were then 12 and 9 years old, had developed normally, and their hyperpigmentation had resolved.
Other patients diagnosed with AHC, not in the neonatal period but in childhood or adulthood, have been reported in Korea. One patient was a 6-year-old boy who was brought to the hospital because of skin hyperpigmentation and fatigue and was finally diagnosed with AHC 12) . He, too, was treated with hydrocortisone and fludrocortisone (Florinef ). The patient's age was 19 years at the time of the report 12) , and testosterone enanthate was added because of hypogonado tropic hypogonadism. Another patient 11) who had experienced multiple adrenal crises during mild respiratory and gastrointestinal infections since he was 13 years old, was finally diagnosed with AHC at the age of 23 years. Physical examination showed only scant pubic hair (Tanner stage 3) and low testicular volume (4 mL bilaterally). An endocrinological investigation showed that he had hypogonadotropic hypogonadism.
Hypogonadotropic hypogonadism has been identified as a component of AHC in affected individuals who survive into childhood. The most frequent pubertal disorder due to AHC related to DAX1 gene mutation is the absence of or a delay in pub erty due to disorders of gonadotropin secretion. A typical example of an unfortunate outcome is the report of a male patient with CAH who had been followed and was therefore not treated with testosterone replacement until 24 years of age, when he was admitted with gonadal failure and was found to have a mutation in the DAX1 gene 14) .
The classically observed puberty disorder of AHC patients is hypogonadotropic hypogonadism, but rare cases of precocious puberty were reported recently 10) . Three boys of the same pedigree were diagnosed with AHC, having the same mutation of the DAX1 gene (c.622C>T). Unlike the 2 patients with hypogonadotropic hypogonadism, the third patient surprisingly developed precocious puberty at the age of 10 months, presenting with testes that were 3/4 mL bilaterally, a penis length of 7 cm, and pubic hair. The mechanism of the mutation's effect on puberty was unknown.
The clinical presentation of AHC is sometimes subtle, and the disease is not always recognized. A clinical diagnosis of AHC due to a DAX1 mutation is not always made. When a boy presents with salt wasting in the neonatal period, it is often misdiagnosed as CAH because of the higher prevalence of that disorder. The salt-wasting form of CAH is most common (59.4%) and does cause adrenal insufficiency in infancy; AHC accounts for only 1.6% of the incidence 15, 16) . Although the clini cal symptoms of adrenal insufficiency are similar in the 2 diseases, the adrenal steroid profiles are quite different. In AHC, 17-OHP levels are low whereas they are increased in CAH 1) . Distinguishing between these 2 disorders is important because they differ in their clinical course and prognosis, as well as in steroid management and genetic counseling approaches 1) . A genetic analysis of the DAX1 gene is required for a definitive diagnosis of X-linked AHC as well as for genetic consultation in families 5) .
Although at present, only the adrenal gland of this patient seems to be affected, his pituitary and gonadal functions will be evaluated carefully in follow-up visits.
We are reporting a male newborn with AHC caused by a mutation in the DAX1 gene, and we emphasize the importance of genetic analysis of the DAX1 gene in patients with adrenal insufficiency in the neonatal period.
